Abstract-Composites of chitosan and polylactide have been obtained in the presence of a compatibilizer based on a chitosan-lactide block copolymer with ω (polylactide) = 20 wt %. The solubility parameters of homopolymers have been calculated, and the possibility of the synthesis of related homogeneous composite materials has been shown. The optimum concentration of the compatibilizer (10 wt %) providing the com patibility of homopolymers in a wide composition range has been found. The incorporation of polylactide into chitosan in the presence of the compatibilizer causes increases in strength up to 40 MPa and in deforma tion to 13.4% relative to those of the initial chitosan. All compositions are biodegradable.
INTRODUCTION
The synthesis of new biodegradable and biocom patible polymers for the production of film forming, dressing, and wound healing materials; implants; and prolonged action drug carriers is a topical problem. The creation of biocompatible composite materials with desired properties based on a biopolymer-chi tosan-and a synthetic polymer-polylactide-has shown considerable promise [1] [2] [3] [4] .
Chitosan (β (1 → 4) 2 amino 2 deoxy D glu cose) is a linear polysaccharide and the product of the partial deacetylation of the natural polymer chitin. Chitin is the second most naturally occurring polysac charide after cellulose. The raw sources of chitin and chitosan are renewable and practically inexhaustible. The most available source of chitin and chitosan is the shells of crustaceans. The total production of chitin in the world ocean is as high as 2.3 billion metric tons/year, a quantity that can provide a potential pro duction of 150 000-200 000 metric tons of chitin per year [3, 5] .
Chitosan is of great interest for the obtainment of products and preparations with biomedical applica tions owing to its biocompatibility with human tissues; its nontoxicity; its hypoallergenic, bacteriostatic, and bactericidal properties; its ability to accelerate the regenerative processes during wound healing; and its biodegradation. The extension of the application areas of chitosan and related materials requires the modifi cation of chitosan, in particular, because of its insolu bility in aqueous media and its brittleness [3, 5] .
Among the synthetic biodegradable polymers widely used in clinical practice, polyethers (such as polylactide, polyglycolide and their copolymers) stand out. On their basis, the absorbable surgical sutures Dexon and Vicryl are produced. Such sutures can be tied into elastic, strong, nonexpanding surgical knots. However, these sutures have some significant disad vantages, including unpredictable degradation in the human body, depending on the density, size, shape, and porosity of the polymer product, as well as changes in the pH of the medium on suture biodegra dation. These factors restrict the wide application of these polymers as biomedical materials [6] .
The combination of the useful properties of both components determines the promise for the obtain ment of biomedical products and preparations based on the natural biopolymer chitosan and polylactide and may be accomplished via graft and block copoly merization as well as preparation of blends of homopolymers [3, 7, 8] .
The goal of this study was to obtain homogeneous compositions based on chitosan-polylactide blends with different component ratios and to study their properties.
EXPERIMENTAL
In experiments, chitosan (OAO Progress, Russia) with М = 1.2 × 10 5 and a degree of deacetylation of . A mixture of 0.33 mol/L acetic acid and 0.3 mol/L NaCl was used as a solvent [9] .
Poly(D,L lactide) with М = 9 × 10 4 (submitted by the Laboratory of Organic Derivatives of Nontransi tion Metals, Institute of Organometallic Chemistry, Russian Academy of Sciences) was dissolved in diox ane and THF.
Chitosan-lactide block copolymers with different component ratios were prepared via ultrasonic degra dation of solutions of homopolymers blends for 30 min at ν = 21.5 kHz and tested as compatibilizers of chitosan-polylactide blends [10] .
To prepare chitosan solutions with 1-50 wt % polylactide, a rated amount of polylactide in THF (1.5 wt %) was added to a 3 wt % chitosan solution in 1.2 wt % aqueous acetic acid.
The homogeneity values of the solutions were stud ied via a spectrophotometric method [11] . Spectra in the visible and UV regions were recorded on a Shi madzu UV 1650 spectrophotometer.
Chitosan-polylactide compositions at varied com ponent ratios were obtained with and without the compatibilizer. Films were prepared via pouring of the corresponding polymer solutions onto glass supports. The mechanical properties of the films and the in vivo biocompatibility of compositions with experimental animals were studied.
The mechanical characteristics of the samples were determined on a Zwick/RoellZ005 universal tensile test machine. The film stretching was performed at a constant rate of 50 mm/min with automatic recording of strain ε and stress , where F is the applied force and S is the area of the sample cross section.
X Ray phase analysis was performed on a Bruker D8 Discover X ray diffractometer (CuK α radiation). The films were ground and placed into fused quartz cells. The X ray patterns were recorded in the range of diffraction angles 2θ = 10°-60° in the symmetric geometry with a slit of 0.6 mm for the primary beam and a LynxEye linear position sensitive detector.
In vivo biodegradation of the resulting composi tions was examined with the use of laboratory animals. The experiment time was 2 months.
RESULTS AND DISCUSSION
At present, polymer blends based on two or more homopolymers are much used and investigated. Blends of synthetic polymers, as a rule, are obtained via blending of homopolymer melts or solutions. A blend of chitosan with polylactide cannot be prepared in melt. Glass transition temperatures T g of homopolymers are substantially different, and, at T > 230°C, the degradation of chitosan is observed [4] .
Thus, in this case, the blends may be obtained through the mixing of homopolymer solutions, which is accompanied by the problem of the compatibility of two polymers and the search for a suitable solvent.
To estimate the compatibility of polymers, solubil ity parameter δ can be used. As a rule, the system is homogeneous if δ п1 -δ п2 < 2, where δ п1 and δ п2 are the solubility parameters of polymer 1 and polymer 2, respectively. The solubility parameters of chitosan and polylactide were calculated as per Askadskii:
, where N A is Avogadro's number, ΔV i is the increment of the van der Waals volume of atoms of the ith type, and E* is the cohesion energy. Parameter E* is an additive value: .
Here, ΔЕ i is the contribution of each atom and each type of intermolecular interaction to E* [12] [13] [14] .
For polylactide, δ polylactide = 8.5 (cal/cm
, and for chitosan, δ chitosan = 9.1 (cal/cm 3 ) 1/2 ; i.e., δ chitosan -δ polylactide < 2. Both polymers have close solubility parameters, an outcome that indicates their possible compatibility. A mixed solvent providing for the com patibility of homopolymers for the preparation of a homogeneous system must be found. However, chito san is soluble in aqueous solutions of dilute acids, which are nonsolvents for polylactide, while polylac tide is soluble in THF, which is a nonsolvent for chito san. Thus, the effect of THF on the stability of chito san solutions (3 wt % in 1.2 wt % CH 3 COOH) was studied. The quality of the solvents and the compati bility of polymer solutions can be judged from their light transmission (optical density) [11] . With the use of UV spectroscopy, it was shown that, after the addi tion of up to 30 vol % THF to a chitosan solution in acetic acid, the optical density of the blend remains constant. Analogously, the effect of a 1.2 wt % aqueous solution of acetic acid on the stability of a polylactide solution in THF was studied. It was shown that the addition of up to 10 vol % of the acetic acid solution to a polylactide solution does not result in a change in the optical density of the blend. The results were used to prepare chitosan-polylactide homogeneous systems in a mixed solvent from the corresponding solutions.
To a chitosan solution, a polylactide solution in THF was added under constant stirring. The system retained optical transparency up to a polylactide con tent of 10 wt %. A further increase in the weight frac tion of polylactide resulted in solution turbidity and precipitate formation. In our opinion, the latter result is related to the formation of an interpolymer complex between chitosan and polylactide [15] . The formation of such a complex was confirmed by IR spectroscopy measurements. For this purpose, a polylactide solu
